Background: In overt hypothyroidism (OH) anemia is common, while less frequently basophilia has been described. In subclinical hypothyroidism (SCH), however, data on the distribution of peripheral blood cells are lacking. Therefore, we evaluated the effects of L-T4 replacement therapy on peripheral blood elements in female patients with SCH before and after restoration of euthyroidism in a randomized, double-blind and placebo-controlled study. Patients and Methods: Sixtysix women with SCH (TSH 12.9 ± 8.2 mU/L) were randomly assigned to receive L-thyroxine or placebo for 48 weeks. 63 of the 66 women completed the study. Peripheral blood cells were measured at baseline and 48 weeks after L-thyroxine or placebo treatment, respectively. Results: The percentage of lymphocytes decreased (p<0.05), whereas percent of monocytes (p<0.05) and eosinophiles (p<0.05) increased significantly upon restoration of euthyroidism after 48 weeks. Hemoglobin and hematocrit remained unchanged throughout the study period. However, erythropoietin levels increased significantly (p<0.01) during L-T4 treatment. In the placebo group all parameters remained unchanged throughout the study. Conclusions: Overall, we observed subtle alterations of the leuco-lympho-monocytic distribution of the peripheral blood cells upon restoration of euthyroidism in patients with SCH. Hemoglobin and Hematocrit remained unchanged; however, the increasing level of erythropoietin during L-T4 treatment suggests an already stimulated, yet compensated erythropoietic system in mild thyroid failure.
INTRODUCTION
Different forms of anemia have been reported in patients with overt hypothyroidism (OH) with a prevalence of up to 47% 1 . Even if vitamin B12, folic acid and iron concentrations are normal, anemia that normalizes in response to thyroxine replacement is found in up to 25% of hypothyroid patients 1 . An impaired erythropoietin (Epo) production leads to normochromic normocytic anemia, the most common form of anemia in thyroid failure 2 . Less frequent forms of anemia in hypothyroidism are hypochromic microcytic anemia associated with iron deficiency and, in patients with Hashimotos thyroiditis and autoimmune gastritis, macrocytic anemia induced by vitamin B12 3 or folic acid deficiency 1 . In contrast, hemolytic anemia is very rare in primary hypothyroidism 4 , though patients with beta thalassemia carry a high risk for development of hypothyroidism due to iron deposition in the thyroid gland 5 .
Granulocyte and lymphocyte counts are described as being normal in OH, with the exception of isolated reports of basophilia in circulating blood cells 6 . However, a more recent study found no difference in basophil counts between normal subjects and patients with OH 7 .
Subclinical hypothyroidism (SCH) is characterized by the finding of elevated TSH levels in the presence of normal circulating thyroid hormones 8 . It is not clear whether SCH affects the hematopoietic system at all and in particular the concentration of hemoglobin and the distribution of peripheral blood elements. Therefore, the aim of our study was to investigate the effect of L-thyroxine treatment on peripheral blood elements in patients with confirmed SCH analyzing data from a prospective double-blind placebo-controlled study. Specifically, we evaluated the effect of thyroid hormone replacement on hemoglobin, hematocrit and Epo levels, and on the distribution of different subpopulations of circulating white blood cells.
MATERIALS AND METHODS
The present analysis was part of a prospective, double blind, placebo-controlled study, whose design and patient characteristics have been described previously 9 . Briefly, 66 women with SCH were enrolled in the study. Patients between 18 and 75 years old, with TSH levels more than 5.0 mIU/L on two consecutive blood tests, free T4 concentration within the normal range, and good general health were included. A total of 63 women (mean age 58.5 ± 1.3 years) completed the study according to the study protocol, with no serious adverse events reported. The underlying thyroid disorders leading to SCH consisted of autoimmune thyroiditis (n=32), Graves disease (n=21; treated with radioiodine, surgery or carbimazole), toxic multinodular goiter (n=1, treated with radioiodine), surgically resected goiter (n=6) and idiopathic SCH (n=3). The frequencies of underlying thyroid disorders were equally distributed in the Lthyroxine and placebo groups. No patient in any of these groups reported a recent or chronic infection or had known arthritic inflammation. Similarly, no patient had any known allergic disease or skin disease. No patient took medicaments such as antibiotics or corticosteroids, known to influence the number of neutrophils, eosinophils or lymphocytes. The patient groups were well balanced regarding aspirin use, estrogen replacement therapy as well as serum thyroid hormone concentrations at baseline. The local Ethics Committee for Human Studies approved the study. All patients gave their written informed consent to participate in the trial.
Hormone measurements were assessed at baseline, and at the end of the study after 48 weeks. 
STATISTICAL ANALYSES
All data are expressed as mean ± standard deviation (SD) in text and tables and as mean ± standard error of the mean (SEM) in figures. Mann-Whitney U test was used to show differences among the groups. Treatment effects in the L-thyroxine or placebo group were analyzed by Wilcoxon matched pair test. P values <0.05 were considered statistical significant. Data were analyzed using Statistica for Windows (version 5.0, StatSoft, Inc., Tulsa, Okla.).
RESULTS
At baseline the two groups of women with SCH (L-thyroxine, n=31; placebo, n=32) were similar with respect to thyroid hormone levels, age and body mass index. At baseline, basal TSH levels were mildly to markedly elevated (range 5.0-50 mU/L) with an exaggerated TSH response of more than 35 mU/L after TRH administration. Peripheral thyroid hormone concentrations (FT4 and T3) were within the lower reference range.
Patient groups were balanced regarding peripheral blood cells with levels well within the normal range (Table 1) .
In all T4-treated patients, TSH concentrations decreased in the first weeks of treatment and were within the reference range at least for the last 24 weeks, mean serum TSH level at the end of the study was 3.1 ± 1.6 mU/L. No patient had a blunted or absent TSH response to thyrotropin-releasing hormone, thereby excluding over-treatment. Peripheral thyroid hormone concentrations (FT4 and T3) remained within the respective reference ranges. As expected, no significant changes in any variable of thyroid function could be seen in patients with placebo. Triiodthyronine (nmol/L) 2.0 ± 0.5 1.7 ± 0.1 0.001 1.9 ± 0.3 1.9 ± 0.1 ns
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EFFECT OF TREATMENT ON PERIPHERAL BLOOD CELLS
In all women, peripheral blood elements were measured at baseline and after 48 weeks of L-thyroxine and placebo treatment. Values of all measured parameters were well within the reference range, at baseline and after 48 weeks of L-thyroxine and placebo treatment. Hemoglobin and hematocrit, overall, showed no significant treatment effect throughout the study in both the placebo and T4-treatment group. Serum Epo levels, which tended to be lower in the Lthyroxine group at baseline, increased significantly during L-T4 treatment (p<0.01), whereas no change could be seen in the placebo group. Circulating vitamin B12, folic acid and LDH remained unchanged, both, in the L-T4 and in the placebo treated group, respectively. Circulating potassium levels increased significantly during L-T4 treatment (p<0.05).
Interestingly, the number of lymphocytes decreased significantly after 48 weeks of treatment (p<0.05), whereas the number of monocytes increased significantly (p<0.05). In the placebo group, the respective changes were not significant (Table 1) . We separated patients with autoimmune thyroiditis (n=17) and nonautoimmune thyroiditis (n=14). Thereafter, the latter finding was restricted to patients with autoimmune thyroiditis characterized by mean circulating anti TPO of 468.9 ± 700.1 U/ml (reference range >100 U/ml) ( Figure 1 ). The distribution of lymphocytes and monocytes in the placebo group was unchanged in patients with autoimmune and non-automimmune thyroiditis. The percentage of eosinophile granulocytes increased significantly from 2.4±1.9 to 3.0±2.4% (p<0.05) in the L-thyroxine group. In the placebo group the eosinophile count tended to be higher at baseline, remaining, however, unchanged throughout the study. The total granulocyte count was not altered during therapy and there was no change in percent of basophil granulocytes. Overall, no change in the distribution Previous studies on human and animal lymphocyte count and function during hypo-and hyperthyroid states produced conflicting results [13] [14] [15] [16] . Case reports in humans show an increased susceptibility towards infections in autoimmune hypothyroidism 17, 18 . In addition, a general disturbance in monocyte function in thyroid autoimmune disease has been described 19 . Our results show a significant decrease in the lymphocyte and increase in monocyte count in the patients with autoimmune thyroiditis during L-T4 treatment, whereas patients with hypothyroidism of other origin show no change in lymphocyte or monocyte count. Thus, we do not believe that the change in number of lymphocytes is due to the lack of thyroid hormone, we rather suppose that the changes in lymphocytes are due to the autoimmune process per se. Accordingly, similar changes in the number of lymphocytes are also observed in autoimmune hyperthyroidism 20 . We did not assess lymphocyte and monocyte function in our study. Possibly, the elevated number of lymphocytes in SCH of autoimmune nature may demonstrate a nonspecific activation of the immune system as it is found in some immunodeficient states, AIDS, gravidity and other autoimmune diseases 21 . Alternatively, it is tempting to speculate that the relatively increased number of lymphocytes in autoimmune thyroiditis could be the result of a polyglandular autoimmune syndrome with concomitant impaired adrenal function. Renin-activity or circulating antibodies against adrenal cells were not measured. Nevertheless, our observation of a relative eosinopenia in SCH, which is reversible upon restoration of euthyroidism, argues against this hypothesis.
Data on the occurrence and extent of basophilia in primary thyroid failure are controversial. Hypothyroidism has been considered to be a cause of basophilia 6 , however, this could not be confirmed in other studies 7 , which is in accordance with the result of this randomized placebo-controlled trial. Therefore, we do not believe that primary thyroid failure before or after T4-replacement significantly influences basophil count.
Overall, one might argue that because the observed changes in white blood cell distribution and circulating Epo levels are relatively small, they might represent only an unfortunate result of randomization. However, in comparison to all previous reports on the topic in the literature, our study was a carefully deof peripheral blood cells could be observed in the placebo treated group (Table 1) .
DISCUSSION
Anemia is a frequent finding in OH 1, 3 and may participate in the clinical picture of hypothyroidism, that affects many target organs 9, 10 , but changes in the hematopoietic system in general have never been evaluated.
The results of this prospective, placebo controlled study in female patients with SCH show peripheral blood cells within the reference range with subtle changes upon restoration of euthyroidism, mainly in patients with underlying autoimmune thyroiditis. Serum hemoglobin and hematocrit levels are in the normal range without change during L-T4 treatment, but with a significant increase of circulating Epo levels during therapy. This finding suggests a relatively decreased individual level of Epo in SCH. Thus, people with SCH metabolically seem to compensate with lower Epo levels, in contrast to patients with overt disease. In hypothyroidism, the basal cellular metabolism is diminished and the oxygen consumption of the tissues is correspondingly reduced. As a consequence, synthesis and release of Epo is diminished. Thus, anemia in hypothyroidism with decreased Epo synthesis may be an adaptive process to the diminished oxygen demand of the tissues 2 . Since mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), vitamin B12 and folic acid, lactate dehydrogenase (LDH) as well as creatinine and urea values in our patients were within the reference range and did not change during L-thyroxine treatment, we have no evidence of any other type of anemia. Iron deficiency in hypothyroidism is ascribed to menorrhagia that can accompany hypothyroidism and none of our patients had menorrhagia during the study. Thus, in agreement with previous studies in patients with OH, we postulate that decreased Epo levels may be the main mechanism of anemia in hypothyroidism.
Unexpectedly, our study shows increasing potassium levels during L-T4 treatment. Fommei et al, investigating the role of thyroid hormones on blood pressure, recently showed significantly increased aldosterone levels in humans with OH 11 . An activation of the plasma renin-aldosterone system in patients with SCH could explain the lower potassium levels 12 . signed, prospectively randomized double-blind study. As each patient is his own control, we believe that our findings are significant and noteworthy. In addition, in the L-thyroxine group post-therapy concentrations for TSH were in the upper normal range 3.1 ± 1.6 mU/L. Thus, a further decrease of TSH could have resulted in even more pronounced treatment effects. Nevertheless, the clinical implications of the subtle changes observed should be interpreted cautiously. For example, whether the changes of the white blood cell distribution result in functional alterations of the host immune defense remains speculative at present.
In conclusion, L-thyroxine treatment with restoration of euthyroidism in patients with SCH results in increasing circulating Epo levels. Since hemoglobin and hematocrit levels remain unchanged, patients with SCH seem to be able to compensate lower Epo levels. Furthermore, thyroid hormone therapy in SCH affects the leuco-lympho-monocytic distribution of the peripheral blood cells especially in autoimmune thyroiditis.
Importantly, most patients with SCH in the general community discovered by screening or case finding have autoimmune thyroiditis. Possibly, during restoration of euthyroidism, the autoimmune process in these patients might be silenced, reflected in a decreased lymphocyte count.
